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ABSTRACT 
 
Purpose: To evaluate and compare the failure load of milled and bonded IPS e.max 
CAD and VITA ENAMIC endocrowns used in the restoration of endodontically molar 
teeth.  
Materials and Methods: Typodont tooth # 30 was prepared with a central cavity to 
support the endocrowns. Fifty-eight epoxy resin dies were made from a physical 
impression of the prepared tooth and scanned with an intra oral scanner (Cerec AC, 
Dentsply-Sirona). The designed restorations were milled from two different materials: 
VITA ENAMIC (n=30) and IPS e.max CAD (n=28). Following adhesive cementation, 
half of the endocrowns of each group were subjected to thermal aging, each specimen 
was obliquely loaded until failure. Four groups were tested: group 1 (Enamic 
endocrowns without thermocycling), group 2 (Enamic endocrowns + thermocycling), 
group 3 (e.max endocrowns without thermocycling) and group 4 (e.max endocrowns + 
thermocycling). The fracture mode characteristics were identified. 
 
 vi 
Results: There was a significant difference in the mean failure loads between group 4 
and group 3 at P ≤ 0.05; also between group 4 and group 1 at P ≤ 0.05. Group 1 had the 
highest value of 2301 N. A visual inspection of all tested endocrowns revealed four 
different failure modes; 1-Adhesive failure, 2-Cohesive failure, 3-Mixed failure and 4-
Fracture Initiation In Crown Propagating Through Die.  
Conclusion: Thermocycling decreased the load to failure significantly for IPS e.max 
CAD endocrowns. Mode of failure 4 and 1 were the dominant failure modes for VITA 
ENAMIC and IPS e.max CAD respectively. 
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INTRODUCTION AND LITERATURE REVIEW 
 Restoration of severely damaged endodontically treated teeth is considered a 
challenge for restorative dentists. Loss of tooth vitality causes 9% loss of moisture 
content of the calcified tissues, attributed to the change in free water within the calcified 
matrix rather than bonded water.1,2 Non vital teeth are more prone to fracture when 
compared to vital teeth, loss of vitality affects the neurosensory feedback and might 
reduce protection during mastication forces.3 Based on the literature, the main reason for 
a reduction in fracture resistance and stiffness of such teeth is the loss of structural 
integrity usually associated with trauma, caries, and extensive cavity preparations. 4,5,6 
 Reeh et al, 7 concluded that 5% and 63% reduction in tooth stiffness following 
endodontic access cavity preparation and MOD cavity preparation respectively.  
Prosthododontic restorations should preserve the remaining tooth structure and protect 
the filled root canal system from leakage and reinfection while achieving satisfactory 
esthetics and function. Due to the loss of strength characteristics associated with the 
removal of pulp and surrounding dentin tissues, restoration of endodontically treated 
teeth with large coronal destruction is still challenging. 8 In addition, there is a higher 
biomechanical failure when compared to vital teeth, and more fractures occurring in 
such teeth.9 Treatment planning and choice of the ideal material for the restoration of 
endodontically treated teeth is still controversial. Some important factors that should be 
considered include the remaining tooth structure and functional requirements.10  
The classical approach for restoring endodontically treated with a sufficient 
ferrule is to build up the tooth with a post and core, ideally having physical properties 
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close to those of natural dentin, utilizing adhesive procedures and placement of full-
coverage crowns,11 one disadvantage of this approach is the additional removal of sound 
tooth structure required for fitting the post into the enlarged root canal.12 Moreover, 
intraradicular post space preparation has a high risk of root perforation.  
 Recently, endocrown restorations have been introduced as a conservative option 
for restoring endodontically treated teeth when excessive coronal tooth structure is 
missing. An endocrown can be defined as a monolithic ceramic adhesive restoration that 
has the core and crown restoration in one piece, similar to the monoblock technique 
developed by Pissis in 1995.13 
All ceramic restorations are acknowledged for their natural appearance and their 
durable chemical and optical properties. However, dentists still have concerns about the 
structural longevity, potential abrasiveness, and fit of ceramic restorations.14 The 
preparation, the production method of the restoration, the composition of the ceramic 
material, and the cement are of influence on the longevity of the restoration.15 Ceramics 
are also brittle materials.16 Thus, whenever ceramics are loaded above certain levels, 
cracks can propagate through the material starting from pre-existing imperfections found 
in the ceramic. The longevity of all-ceramic restorations can be affected by the adhesive 
ability and firmness of the cement. However, resin composite cements are preferred as 
luting materials for all-ceramic restorations, due to their bonding ability to ceramics.17  
Compared to conventional crowns, endocrowns save the clinician time, are easy 
to apply, can be low cost, and have a short preparation time, especially with the recent 
development of CAD-CAM systems and software.11 Endocrowns are considered a good 
option to restore teeth with short clinical crowns, calcified, curved or short root canals 
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that make intra-radicular post preparation is impossible.18 Moreover, a supragingival 
finish line makes it more hygienic to control plaque accumulation. However, because of 
the difference in the modulus of elasticity between the harder ceramic and softer dentin, 
these restorations have their disadvantages such as loss of adhesion and risk of root 
fracture.19 
Preparation design for endocrowns: 
The endocrown preparation consists of a circumferential butt margin and a central 
retention cavity inside the pulp chamber that does not take support from the root 
canals.13,20 The exact dimensions for the preparation of central retention cavity were not 
clearly determined.21 The thickness of the ceramic occlusal portion of endocrowns 
usually range from 3-7 mm, fracture resistance of ceramic crowns increases with 
increasing occlusal thickness.22 
Besides the preparation design, selection of ceramic material is important for the 
survival of dental restorations. Different ceramic materials are available for CAD-CAM 
technique, ranging from relatively weak feldspathic ceramic when compared to high-
strength lithium disilicate glass ceramic and zirconium oxide.23 More recently, hybrid 
ceramic materials with elasticity close to dentin is available for single crown 
restoration.24 
IPS e.max CAD: 
IPS e.max lithium-disilicate (Li2Si2O5) glass-ceramic, is a biocompatible restorative 
material composed mainly of quartz, lithium dioxide, phosphorous oxide, alumina, 
potassium oxide, and other trace elements. 
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The material is supplied in two forms, IPS e.max CAD used with CAD/CAM 
Technology; Figure 1, and IPS e.max press utilized in the lost wax technique. In the 
“blue stage” (un-crystallized), the material is easy to mill with glass crystals size in the 
range of 0.5 μm. When it is fully crystallized, it shows a growth of crystal size to 1.5 μm 
with a 70% volume of lithium disilicate.25 
Because of its flexural strength (360 ± 60 MPa), it can be used as a monolithic 
restoration eliminating the risk of veneering porcelain chipping. In addition to that, 
e.max has a low coefficient of thermal expansion resulting in high resistance to thermal 
shock. Light reflection is excellent due to the crystal arrangement providing superior 
aesthetic results.25 
                                                
             
Figure 1: IPS e.max CAD Blocks. 
VITA ENAMIC: 
An interpenetrating phase material combines the properties of ceramic and polymer. It 
consists of two interpenetrating networks of ceramic and polymer. This material has 
similar abrasion to enamel, high flexural strength, elasticity close to dentin, and hardness 
values between those for dentin and enamel.24 
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VITA ENAMIC is manufactured by first infiltrating a porous ceramic with a monomer 
mixture and then curing (polymerization). 
 
                                                    
Figure 2: VITA ENAMIC block. 
In spite of the potential advantages of using endocrowns to restore endodontically 
treated teeth as a conservative approach, there are only a few published studies on the 
subject.  
It is therefore important to investigate the failure load of adhesively cemented all 
ceramic endocrowns fabricated from Vita Enamic and IPS e.max CAD using a 
CAD/CAM technique.  
  In 1999, Bindle and Mörmann evaluated the survival rate of adhesively placed 
cerec endo-crowns  after 2 years of adhesively placed cerec endocrowns. Nineteen cerec 
endo-crowns were included in this study (4 premolars and 15 molars), 13 endo-crowns 
were produced from Mark ll ceramic and 6 from In Ceram Alumina. After 2 years the 
survival rate of endo-crowns were 95 % and only one crown was lost due to recurrent 
caries in the central retention cavity.21 
A study in 2015,26 assessed the clinical performance of Cerec 3 CAD/CAM 
feldspathic ceramic posterior shoulder crowns and endocrowns. They concluded that the 
survival estimate is up to 12 years of 75% on premolar and 90.5% on molar endocrowns. 
 6 
Also, they found higher survival rate of posterior shoulder crowns when compared to 
endocrowns restorations. 
 
An in vitro study,18 on twenty extracted mandibular molars divided into two 
groups, compared the fracture strength of adhesively placed lithium disilicate reinforced 
ceramic (pressed) endocrowns and glass fiber post supported conventional crowns.  A 
compressive load was applied with a 6 mm steel rod at a 135-degree angle to the long 
axis of the tooth without thermocycling or cyclic fatigue; the results showed higher 
fracture strength for endocrowns with a mean of 674.8N ± 158.9 as compared to 
conventional crowns 469.9N ± 129.8; the failure pattern was similar for both groups and 
characterized by fracture of tooth associated with displacement of the restoration.  
Aktas et al 2016,27 evaluated the fracture strength of teeth restored with endo-
crowns restored with different mono-caramic materials. Thirty-six extracted intact 
mandibular molar teeth were used. Three silicate ceramics were tested: alumina- silicate 
(control), zirconia-reinforced, and polymer-infiltrated. The teeth were restored with 
adhesively placed CAD-CAM endocrowns and the endocrowns were subjected to 5000 
cycle thermal aging. A compressive load was applied 0.5mm/second at 45-degree angle. 
Results showed Load to failure did not differ significantly, and the calculated mean 
values were 1035.08 N, 1058.33 N, and 1025.00 N for control, zirconia reinforced and 
polymer infiltrated groups, respectively. 
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OBJECTIVES 
 
 
1. To evaluate and compare the failure load of resin bonded IPS e.max CAD and 
VITA Enamic endocrowns fabricated by a CAD/CAM technique. 
2. To evaluate the effect of the thermocycling on the failure load of endocrowns 
fabricated by previous technique. 
3. To evaluate the failure mode of resin bonded IPS e.max CAD and VITA Enamic 
endocrowns fabricated by CAD/CAM technique. 
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MATERIALS AND METHODS 
 
This  in vitro was study designed to evaluate the failure load of all ceramic endocrowns  
(IPS e.max CAD and VITA Enamic) adhesively cemented with RelyXTM ultimate. 
Table 1: Illustrates the materials and its microstructure used in this study: 
Product Composition Manufacturer  
C14 Emax CAD 
 
Standard composition wt % Ivoclar Vivadent AG , 
Liechtenstein  
SiO2 57-80 
Li2O 11-19 
K2O 0-13 
P2O5 0-11 
ZrO2 0-8 
ZnO and other coloring oxides 0-20 
EM14 Vita 
ENAMIC 
 
Composition of the ceramic part (86 wt%)  Vita Zahnfabrik, 
Germany 
SiO2 58-53 
Al2O3 20-23 
Na2O 9-11 
K2O 4-6 
B2O3 o.5-2 
ZrO2 1 
CaO <1 
Composition of the polymer part (14 wt%)  
UDMA (urethane dimethacrylate) 
TEGDMA (triethylene glycol 
dimethacrylate) 
RelyXTM ultimate Base Paste:                           
Methacrylate monomers 
Radiopaque, silanated fillers 
Initiator components 
Stabilizers 
Rheological additives 
Catalyst paste: 
Methacrylate monomers 
Radiopaque alkaline (basic) fillers 
Stabilizers, Pigments 
Rheological additives  
Fluorescence dye  
Dark cure activator for Scotchbond 
3M ESPE 
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The samples were divided into two groups based on the type of the ceramic material as 
shown in Figure 3. 
1. VITA Enamic group: 
 This group was subdivided into 2 groups, control group (n=15), and thermocycling 
group (n=15) 
2. IPS e.max CAD group: 
This group was subdivided into 2 groups, control group (n=14), and thermocycling 
group (n=14) 
 
L.F = Loaded to Failure, T.C = Thermocycled 
Figure 3: Design of the study for load to failure test. 
Fabrication of the master die; 
The same die was used for all tested  Endocrowns in the two parts of the study. 
Lower first molar typodont tooth (columbia Typodont ,USA) was used to fabricate the 
master die. The tooth was prepped with approximately 3.5 mm of occlusal reduction and 
CAD/CAM
endocrowns
Enamic vita
endocrowns
(n=30)
L.F
n=15
T.C then L.F
n=15
IPS e.max CAD
endocrowns
(n=28)
L.F
n=14
L.F then T.C
n=14
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the prepped surface was parallel to the occlusal plane, 1.5 mm above the CEJ. A central 
trapezoidal cavity 3 mm in depth was prepped to mimic the pulpal chamber with flared 
walls to eliminate any undercuts. The width of the central cavity was 4.5 mesiodistally 
and 3.5 buccolingually; Figure 4 illustrate the master die. The width of the 
circumferential butt joint is as follows: 
 Mid buccal 2mm 
 Mid mesial 1.5mm 
 Mid lingual 2 mm 
 Mid distal 2.5mm 
The master die was fixed into clear plastic tubing using wax Then duplicated by taking 
impressions of the master die with low viscosity vinyl polysiloxane impression material 
(Dentsply, USA). The silicon molds were fabricated and then filled with epoxy resin 
(Fiberglast, Ohio USA) to fabricate the duplicate dies; Figure 5.   
All the duplicate dies fabricated from epoxy resin were evaluated for quality, and 
any defective dies were excluded from the study. 
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Figure 4: Master die. 
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Figure 5: Epoxy dies Fabrication for Load to Failure test 
 
Fabrication and design of master Cerec endocrowns; 
A CEREC MC XL milling machine (Sirona, Bensheim, Germany) was used to 
fabricate the all ceramic endocrowns; Figure 7. The master die was fixed into typodont 
model, through cleaning and drying was applied. Scanning performed by using CEREC 
AC with omni cam (Sirona, Bensheim, German). Cerec in lab with software 4.3 was 
used for designing ceramic endocrowns. A design of full thickness endocrown was made 
with approximately 5.5 mm of occlusal thickness at the central fossa, 3.9 mm, 3.2 mm 
thickness at distal marginal ridge and mesial marginal ridge respectively. The designed 
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crown was saved in the CEREC AC and used for all successive CEREC endocrowns; 
Figure 8. All tested endocrowns were milled using the same machine CEREC MC XL. 
Figure 6: CEREC AC with Omni cam. 
 
     Figure 7: CEREC MC XL milling machine.
 
             Figure 8: The designed CEREC Endocrown buccal and occlusal view. 
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Milling of CAD-CAM crowns; 
28 endocrowns from IPS e.max CAD blocks and 30 endocrowns from VITA 
Enamic blocks were milled by the CEREC machine for load to failure test. All the milled 
endocrowns were polished using “hybrid” polishing kits (Meisinger USA, LLC) Figure 9. 
IPS e.max endocrowns were crystallized in a Programat CS Dental Furnace, (Ivoclar 
vivadent, USA) as recommended by the manufacturer. Figure 10, shows Polished IPS 
e.max CAD endocrowns before crystallization and after crystallization. All the milled 
endocrowns were cleaned and dried after milling and saved. 
 
Figure 9: Silicate ceramic polishing kit. 
 
 
 
Figure 10: Polished IPS e.max CAD endocrowns before crystallization (left) and after 
crystallization (right). 
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Cementation procedures of CAD-CAM crowns; 
All the milled endocrowns were adhesively bonded to dies according to the 
manufacturer’s recommendations using resin cement RelyXTM ultimate (3M ESPE, MN); 
Figure 11.  
 
Figure 11: RelyXTM ultimate. 
Bonding procedure for VITA ENAMIC endocrowns: 
The internal surfaces of all VITA Enamic endocrowns were acid etched 60 
seconds with 5% hydrofluoric acid gel (IPS Ceramic Etching Gel, Ivoclar Vivadent) 
Figure 12. The gel was sprayed off thoroughly for 30 seconds with water and the internal 
surface was blown dry using oil-free compressed air. Then scothbond universal adhesive 
was thinly brushed on the dies using micro-brushes and blown dry after 5 seconds. 
Bonding procedure for IPS e.max CAD endocrowns: 
The bonding procedure for IPS e.max endocrowns was similar to the procedure 
used with VITA Enamic endocrowns except that the etching time for IPS e.max 
endocrowns was 20 seconds. 
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Figure 12: IPS Ceramic Etching Gel, Ivoclar Vivadent. 
 
Surface treatments of the dies used for load to failure test: 
Scotchbond universal adhesive was thinly brushed on the dies using microbrushes 
and blown dry after 5 seconds; Figure 13 
 
Figure 13:Scotchbond universal adhesive. 
 
 
The cement was spread over the internal surfaces of all endocrowns and also the central 
cavity of all the epoxy resin dies was filled with the cement, endocrowns were seated all 
the way down; excess cement was removed and each crown was kept under a static load 
of 1390 g for 10 minutes in a loading apparatus as shown in Figure 14. After cementation 
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as shown in Figure 15, all the specimens were stored in distilled water at room 
temperature until they were subjected to different treatments and tests. 
 
Figure 14: Cemented VITA ENAMIC endocrowns under loading apparatus. 
 
  Figure 15: Cemented VITA ENAMIC endocrowns from different views. 
 
  
Thermocycling; 
15 VITA Enamic and 14 IPS e.max CAD endocrowns underwent 1000 
thermocycles in a thermocycling test apparatus (Sabri Dental Enterprises Inc, Downers 
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Grove, IL) as shown in Figure 16; two water baths, 5°C and 55 °C, were used. A small 
basket that could hold the crowns on their dies was used to cycle the endocrowns 
between the two baths. Each cycle lasted 90 seconds, 30 seconds in each bath and 16 
seconds to complete the transfer between baths. 
 
       Figure 16: Thermocycling test apparatus. 
Load to failure test; 
  Load at failure is the load value at the failure point; that is, where a sharp drop in 
the load occurs after the main part of deformation and energy absorption.  
 All 58 crowns were individually mounted in a testing jig and loaded until fracture 
occurred using a Universal Testing Machine Instron 5566A (Instron, Norwood, MA) with 
a compressive load applied at 43 degrees to the long axis of the specimen at a crosshead 
speed of 0.5 mm/min until fracture (failure load). This angle was used to apply shear 
stress at the crown and the die interface to examine effects of crown material, preparation, 
and adhesive on failure resistance. A stainless steel ball with 6.3 mm diameter was placed 
on the midbuccal groove of the buccal surface of the crown as shown in Figure 17. 
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 Figure 17: Testing setup in a universal testing machine (load to failure test preparation) 
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STATISTICAL ANALYSIS 
 
  The results were recorded as means ± the standard deviations and coefficients of 
variance. Differences in failure loads were analyzed using one-way analysis of variance 
(ANOVA) at a significant level of 5% and the post hoc Tukey-Kramer HSD test for 
multiple comparisons. Weibull characteristic strength and modulus were also calculated 
for the specimens.  
    For all specimens, all statistical analyses were performed using JMP version 12 
software. 
 
MICROSTRUCTURE EXAMINATION 
Scanning Electron Microscope (SEM) and Energy Dispersive Spectroscopy (EDS) 
Specimens were ultrasonic cleaned with isopropyl alcohol for 10 seconds, 6 specimens 
were prepared by gluing on aluminum stubs (Figure 18), with interested surfaces facing 
upward, then observed under a SEM with EDS (Hitachi High Tech, Japan, and Oxford 
Instrument, UK); Figure 19. 
Examined specimens included different modes of failure of tested groups; Figures 
25-34. 
EDS was performed to study the chemical composition of the materials. EDS spectrum 
data were collected under VP-SEM mode under 15kV accelerate voltage and 10 mm 
working distance.  
 21 
 
Figure 18: Sample preparation for SEM evaluation 
 
 
Figure 19: SEM with EDS (Hitachi High Tech, Japan, and Oxford Instrument, UK) 
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RESULTS 
 
Failure load results for all tested groups 
Specimens from group 1 (Enamic control) showed a mean failure load of 
(2301.86N ± 591.27 S.D), group 2 (Enamic + thermocycled) (1935.2 N ±591.32 S.D), 
group 3 (E.max control) (2291.71 N ± 650.42 S.D), group 4 (E.max + thermocycled) 
(1837.28 N ± 407.09 S.D).  
The mean loads at failure (N), standard deviations, coefficient of variation, 
Weibull characteristic strength and Weibull modulus for all experimental groups are 
presented in Table 2 and Figure 21.  
Figure 20: One way analysis of failure load by group 
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Table 2: Failure loads for all groups of Enamic and e.max endocrowns. 
Group 
 
Failure Load, N 
(Mean ± S.D) 
C. V.  Sig Diff 
Weibull        
Modulus 
Weibull mean 
failure load, N 
G 1(EN.C) 
n=15 
  2301.86 ± 591.27 
0.25   A 4.01 2529.44 
G 2(EN.TC) 
n=15 
1935.2 ±591.32 
0.3  A       B  3.72 2145.09 
G 3 (EM.C) 
n=14 
  2291.71 ± 650.42 
0.28  A       4.22 2526.58 
G4(EM.TC) 
      n=14 
  1837.28 ± 407.09  
0.22 
              
B    
4.59 2000.16 
  Groups not connected by same letter are significantly different 
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Figure 21: Failure load data for all test groups  
 
(P-values in red and with * next to it means statistically significant difference) 
Figure 22: Comparisons for all pairs using Tukey-Kramer HSD 
 
  The one-way ANOVA and post hoc t-test statistical analysis recorded significant 
differences in the mean failure load values between e.max with thermocycling  (group # 
4) and e.max control (group # 3) with P=0.03. There was significant difference in the 
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mean failure load values between e.max with thermocycling (group # 4) and enamic 
control (group # 1) with P=0.03; Figure 22. 
There was no significant difference in the mean failure load values between 
Enamic control (group # 1) and e.max control (group # 3). Similarly, there was no 
significant difference between Enamic and e-max groups after thermocycling (groups # 2 
and 4). 
 Enamic endocrowns without thermocycling (group #1) registered the highest 
mean value for failure load of all the tested materials (2301 N) while e.max endocrowns 
with thermocycling (group # 4) were the lowest among all study groups with 1837 N 
(Table 2). 
Failure modes of the endocrowns after load to failure test 
A visual inspection of all tested ceramic crowns revealed 4 main different failure 
modes and they are presented in Table 3 and Figures 23,24. 
Table 3: Failure modes of VITA ENAMIC and IPS e.max CAD endocrowns. 
 
        
 
 
 
 
 
 
Mode 
of 
Failure 
 
       Description 
Percent Failure of Each Mode 
 Enamic  
 Control 
Enamic+ 
TC 
E.max 
Control 
E.max+ 
TC 
1 Adhesive failure 0 6.7 35.7 50 
2 Cohesive failure 20 33.3 14.3 0 
3 Mixed failure 0 6.7 21.4 50 
4 Fracture Initiation 
In Crown 
Propagating 
Through Die 
80 53.3 28.6 0 
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Figure 23: Failure mode 1 of IPS e.max CAD endocrown (left) and failure mode 2 of Vita 
Enamic  endocrown (right)   
 
Figure 24: Failure mode 3 of IPS e.max CAD endocrowns (left) and failure mode 4 of VITA 
ENAMIC endocrown.
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Dominant failure Mode per group: 
Group 1 (enamic control) 
The dominant (80 %) failure mode observed in this group was mode # 4. 
Group 2 (enamic + thermocycling) 
Mode 4 was the most dominant failure mode for enamic group with thermocycling. 
Group 3 (e.max control)  
This group is highly variable, showing all different modes of failure with the dominant  
failure mode 1 (35.7%)  
Group 4 (e.max + thermocycling) 
Mode 1 and 2 were the most dominant failure modes, 50% each. 
Scanning Electron Microscope (SEM) and EDS: 
   In this section, a collection of SEM images of tested IPS e.max CAD and VITA 
ENAMIC endocrowns with different failure modes were evaluated. 
Energy dispersive spectroscopy (EDS) was done on specific sites for evaluation of the 
chemical composition of examined endocrowns.  
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VITA ENAMIC groups 
• Failure mode 4 in group 1: 
                       
Figure 25: SEM image for failure mode 4 of VITA ENAMIC (group 1) 
 
 
Figure 26:SEM image showing Enamic fracture 
 
 
 29 
 
 
• Failure mode 4 in group 2: 
 
Figure 27: SEM image for failure mode 4 of VITA ENAMIC (group 2), at the core part of 
endocrown showing different thicknesses of cement layer (C= cement). 
 
 
                              Figure 28:SEM image showing Enamic fracture. 
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IPS e.max CAD groups 
• Failure mode 1 in group 3: 
 
 
Figure 29: Failure mode 1 of IPS e.max CAD (group 3), processing defect showing air bubbles on the 
fitting surface of endocrown (SEM images) 
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Figure 30: SEM image showing a layer of cement between the die and the core part of IPS 
e.max endocrown (C=ceme
Figure 31: SEM images at the core part of IPS e.max CAD endocrown showing a layer of  RelyXTM 
ultimate adhesive cement. (E=IPS e.max CAD, C=cement)  
 
 
Figure 32: EDS spectrum at the margin of IPS e.max CAD endocrown (group 3) with failure 
mode 1, spectrum A showing a layer of adhesive resin cement(RelyXTM ultimate) on the internal 
surface of the crown.  
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• Failure mode 1 in group 4: 
 
Figure 33:SEM images with different magnifications with a layer of adhesive cement 
partially covering the fitting surface of IPS e.max CAD endocrown. 
 
• Failure mode 3 group 3:  
 
 
 
Figure 34: SEM images show IPS e.max CAD specimen with failure mode # 3. 
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DISCUSSION 
This in vitro study simulates the compromised situation of extensive loss of coronal tooth 
structure, to determine clinical success of fixed prostheses, in-vitro load-to-failure testing 
is one of the tests thought to simulate their clinical failure. The guidelines for a clinically 
relevant in vitro load to failure test for all-ceramic restorations described in the literature 
were followed in this study including using a die material with elastic modulus 
comparable to dentin. To standardize the experimental methods and conditions, multiple 
factors must be defined and controlled. By using the Sirona InLab software 4..2 and 
correlation program of the CEREC AC system, specimens were standardized with respect 
to the design, preparation, size, shape, and thickness of milled endocrowns. Cementations 
were done according to the manufacturer’s recommendations, with RelyX ultimate dual 
cure resin cement, on dies made of epoxy resin that has approximately the same modulus 
of elasticity of dentine.28  
In this study group #3 IPS e.max CAD endocrowns (e.max control) showed a 
higher load to failure when compared to another in vitro study,18 this might be explained 
by using strong epoxy resin dies in our study instead of extracted teeth that were used on 
the other study. In addition, the use of different adhesive cement  (RelyX ultimate dual 
cure resin cement) may also contribute to the higher failure loads in this study.  
In the present study, VITA ENAMIC endocrowns without thermocycling (group 
#1) registered the highest mean value of failure load of all tested groups (2301 N). 
However, no previous data in the literature reported using VITA ENAMIC material for 
endocrown restoration. 
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Thermocycling is one way to expose materials to fatigue and to simulate aging of 
the retentive system of crowns and other dental restorations.29 The abrupt change in 
temperature (when specimens are submerged into baths) creates stresses in the specimens 
and especially in the zones between different materials as anisotropy in thermal 
expansion as well as thermal conductivity results in interfacial stresses.  
On one hand, thermocycling resulted in a significant decrease in load to failure for group 
# 4 (e.max + thermocycling) when compared to group # 3 (e.max control). On the other 
hand, there was a slight decrease in load to failure for group # 2 (enamic + 
thermocycling) when compared to group #1 (enamic control), this decrease was not 
statistically significant and might be explained by small number of thermal cycles (1000 
cycles) that was not enough to weaken the restoration.  
  The effect of oral fluids on the behavior of crowns cannot be represented by using 
only water (in this study, all test specimens were stored in distilled water before testing), 
moisture is generally known to negatively influence the bond strength between fillers and 
a matrix, which leads a composite structure to degrade gradually with time and create 
more chances for flaw development.30,31 
According to failure modes in the present study, the dominant failure mode for VITA 
ENAMIC groups was mode 4. This might be explained by strong bond between VITA 
ENAMIC endocrowns and epoxy resin dies. In addition, the VITA ENAMIC 
microstructure may improve it’s resistance to fracture. 
Failure Mode 1 (adhesive failure) was the dominant failure mode for IPS e.max CAD 
groups, one possible reason for debonding of IPS e.max CAD endocrowns could be the 
 35 
higher modulus of elasticity of the IPS e.max CAD that might transfer the loads to the 
interface between adhesive cement and epoxy resin dies. In this study, After SEM 
evaluation of samples with debonded IPS e.max CAD endocrowns, the adhesive cement 
always found on the fitting surface of the endocrowns, showing that the cement/die 
interface was the weakest part. This also indicates a stronger bond between IPS e.max 
CAD endocrowns and resin cement that was greater than the bond between cement and 
epoxy dies. 
Limitations of the study 
  This study is an in vitro study that does not entirely mimic clinical conditions. 
The storage conditions were distilled water, and this environment does not represent the 
nature and effect of oral conditions on dental restorations. The duplicate epoxy resin dies 
were used instead of natural teeth to allow for standardizing teeth sizes, preparation 
design. The epoxy resin used in this study is not exactly similar to dentine in terms of 
cellular structure, bonding mechanism to the adhesive resin, and its physical and 
mechanical properties. Cyclic fatigue has a major effect on mechanical stability, and was 
not done in this study. The observed failure modes were based on a subjective visual 
report. 
Recommendations for future studies 
1. Evaluation of the effect of different preparation designs on load to failure of all 
ceramic endocrowns. 
2. Evaluation of the effect of cyclic fatigue on the mechanical properties of the all 
ceramic endocrowns. 
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3. Evaluation of the effect of using different resin cements on the fracture strength of 
all ceramic endocrowns. 
4. Evaluation of the effect of using different ceramic materials with the same 
CAD/CAM technology on the fracture strength of all ceramic endocrowns. 
5. Evaluation of the effect of using different die materials such as freshly extracted 
natural teeth or composite on the endocrown’s resistance to failure. 
CONCLUSIONS 
 
1. Thermocycling decreased load to failure significantly for IPS e.max CAD 
endocrowns. 
2. VITA ENAMIC control group recorded the highest mean of all tested groups. 
3. Mode of failure 4 was the dominant mode for VITA ENAMIC groups, while 
mode 1 was the most dominant failure mode for IPS e.max CAD groups. 
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